lular adhesion molecule-l) by 24 hours after irradiation, but the effect on CD86 was relatively less. The surface expression of CD80, CD86, CD54, and HLA-DR on monocytes was further augmented by interferon (IFN)-y; this cytokine-induced expression was dose-dependently reduced by UV-B irradiation. Similarly, the upregulation of these molecules following allogeneic MLR was downregulated by UV-B irradiation. UV-B irradiation of monocytes inhibited the expression of IL-2 mRNA in monocyte-stimulated allogeneic MLR. In contrast, the addition of anti-CD28 MoAb at the onset of MLR prevented, at least partially, the reduction of IL-2 mRNA. These results strongly suggest that the impairment of inducible expression of CD86 and CD80 may contribute to the reduced MLR response following exposure of monocytes to UV-B. costimulatory signals in interaction with CD28 on T cells, primarily for augmenting synthesis of interleukin (1L)-2 and other ~ytokines."-'~~~~"' The important role of CD28 ligands is also recognized in involvement of these molecules in in vitro clonal anergy.34 CD80 appears to be one target of UV-B irradiation, which may lead to inactivation of allogeneic function of APC. Young et reported that the upregulation of CD80 on dendritic cells, the most potent APCs among peripheral blood mononuclear cells (PBMCs), was significantly impaired by UV-B irradiation, and hence accounts for the inhibition of mixed lymphocyte reaction (MLR) response. We have also shown in vitro induction of clonal anergy in human alloreactive cytotoxic T lymphocytes by stimulation of UV-B -irradiated allogeneic cells, suggesting that UV-B-irradiated cells cannot provide costimulatory signals. '6 Previously we demonstrated that resting monocytes show the significant expression of CD86 with a much lower level of CD80.24 Here, we first questioned the role of CD86 and CD80 on monocytes for proliferation of T cells during monocyte-stimulated MLR using an anti-CD86 and/or anti-CD80 monoclonal antibody (MoAb). We then investigated the effect of UV-B irradiation on the constitutive expression of CD86 and on the inducible expression of CD86, as well as CD80, following allogeneic MLR or using interferon-y (IFN-y) treatment as a stimulator. Our results showed the following: (1) anti-CD86 MoAb, but not anti-CD80 MoAb, effectively inhibited monocyte-stimulated allogeneic MLR; (2) the constitutive expression of CD86 and HLA-DR in monocytes were relatively unaffected by UV-B irradiation by 24 hours after irradiation, as compared with CD54 when assessed by flow cytometric analysis; (3) the upregulation of CD80 and CD86 expression following MLR, as well as the treatment with IFN-y, were inhibited with UV-B irradiation; and (4) the addition of anti-CD28 MoAb at the onset of MLR partially prevented the reduction of IL-2 mRNA expression from PBMCs stimulated by UV-B-irradiated al- For personal use only. on October 23, 2017. by guest www.bloodjournal.org From logeneic monocytes. These results suggest that the impairment of inducible expression of CD86 and CD80 may contribute to the inability of UV-B-irradiated monocytes to stimulate T-cell proliferation.
MATERIALS AND METHODS
Cell culrures. PBMCs were prepared from healthy volunteer donors by centrifugation over Ficoll-Paque. Highly purified populations of monocytes were obtained from mononuclear cells by counterflow centrifugal elutriation as previously de~cribed.9~ Purity was more than 95%
as assessed by nonspecific esterase staining and morphological examination. Monocytes were cultured in RPM1 1640 containing 10% heat-inactivated fetal bovine serum (FBS), glutamine, and kanamycin. IFN-y (Boehringer Mannheim, Mannheim, Germany) was added at a final concentration of 500 unitslmL to monocyte culture immediately after UV-B irradiation or y-irradiation. Small, resting T lymphocytes were prepared by depleting monocytes, B cells, and natural killer (NK) cells by using adherence to plastic, adherence to nylon wool, and Percoll density gradient centrifugation, UV-B-irradiation. Monocytes were suspended in the complete culture medium (1 X 10' cellslml) in a 6-cm culture dish. Cells were irradiated with an FL15E UV-320 lamp (wave length 300 to 320 nm, UVP Inc. San Gabriel, CA), as a source of UV-B, located 15 cm above the cells at room temperature. The cells were agitated at 85 rpm on a shaker to achieve uniform irradiation. Control monocytes were handled identically, but were not exposed to UV-B irradiation (sham irradiation). Allogeneic MLR. Allogeneic MLRs were cultured in the same medium as shown above in U-shaped 96-well tissue culture plates. PBMCs at 1 X IO'/well were combined with monocytes at responder (R)/stimulator ( S ) ratio of 3: I , within 1 hour of monocytes receiving UV-B and/or y-irradiation (30 Cy, 137Cs) using Gammacell 40 (Nordian International Inc. Ontario, Canada). When inhibitory effects of various MoAbs or fusion protein were assayed in the allogeneic MLR, small resting T lymphocytes were cocultured with y-irradiated monocytes at R/S ratio of 10:l. The MoAbs or fusion protein (a final concentration of 5 pg/mL) were added at the onset of MLR. Cells were cultured for indicated periods in the respective experiments. MLR proliferative activity was measured by labeling cells for the final 18 hours with ['H]-thymidine. The incorporated radioactivity was counted in a 0-scintillation counter (LS5000TD: Beckman Inst, Fullerton, CA). To detect upregulation of CD80, CD86, CD54, and HLA-DR during allogeneic MLR, small resting T lymphocytes were cocultured with monocytes at R/S ratio of I: I . With or without irradiation on monocytes are specified in the Results section or figure legends. In the experiments to detect !L-2 mRNA expression by allogeneic MLR, cells were cultured in the same medium as shown above except that 20% human AB serum was substituted for 10% FBS. PBMCs from a different donor at I X IO" were mixed with 2387 monocytes at 2 X I O 5 that were exposed to a different dose of UV-B and/or y-irradiation. An antihuman CD28 MoAb TN228 was then added to the MLR at a final concentration of 1 & n L . Total RNA was extracted after 20 hours incubation.
Reverse transcriptase-polvmerase chain reaction. Preferential expression and costimulatory role of CD86 on monocytes in allogeneic MLR. In our previous report,14 we demonstrated the constitutive expression of CD86 on monocytes and the predominant inhibitory effect by anti-CD86 MoAb in primary MLR with allogeneic PBMC. To assess the correlation of expression and function of CD28 ligands on monocytes, we performed further MLR experiments using highly purified monocytes as stimulators and small, resting T cells as responders. To make clear the involvement and contribution of CD80 and CD86 in allogeneic MLR, we have examined the kinetics of T-cell proliferation and the inhibitory effects by anti-CD80 and/or anti-CD86, or CTLA4-Ig fusion protein. An anti-CD86 MoAb effectively inhibited the T-cell proliferative response against monocytes to an extent comparable to inhibition by CTLA-4-Ig fusion protein (Fig 2) . In contrast, the anti-CD80 MoAb alone showed little inhibitory effect on the proliferative responses in all the courses of culture. These data suggest that CD86 may be essential in the primary interactions between monocytes and T cells.
RESULTS

Effect of W -B irradiation on allogenecity of monocytes.
UV-B irradiation of APCs has been known to impair allogen-
To investigate the reason for preferential inhibition by the anti-CD86 MoAb, we monitored the expression of CD80, CD86 (Fig 3A and B) and HLA-DR (data not shown) on monocytes during MLR culture. The expression of HLA-DR on monocytes reached the maximum level within 3 days, and the highest level was maintained until day 5. We found a dramatic increase of CD86 until day 5, after which it declined. Although the expression of CD80 was significantly induced by day 1 , the level of upregulation was not so dra-FUJIHARA ET AL matic compared with CD86 and the mean fluorescence intensity of CD80 remained about threefold to fivefold less than that of CD86. These results suggested that the predominant inhibitory effect by anti-CD86 MoAb might result from the much higher expression of CD86 on monocytes in all the courses of primary MLR.
Ejject of UV-B irradiation on expression qf CD86 in m~unucytrs. To test the involvement of CD86 in the inhibition of MLR stimulated with UV-B-irradiated monocytes, we examined the effect of UV-B irradiation on the constitutive CD86 expression along with CD54 and HLA-DR. Monocytes were purified, irradiated at increasing doses of UV-B (up to 1,000 J/m'), and incubated for 24 hours. The expression of membrane antigens of freshly isolated or 24-hour cultured monocytes was analyzed by flow cytometry. As shown in Fig 4, UV-B irradiation up to 300 J/m2 did not significantly affect the constitutive expression of CD54, whereas higher doses (600 J/m2 to 1,000 J/m2) gradually reduced the percentage of cells expressing CD54. On the other hand, y-irradiation at 30 Gy, which is widely used to inactivate stimulator cells for MLRs, gave a much less negative affect on CD54 than UV-B irradiation at 1,000 J/m'. The monocytes cultured for 24 hours showed a slightly broader profile of CD86 expression as compared with the purified monocytes, and the constitutive CD86 expression was relatively unaffected with increasing doses of UV-B irradiation, as well as y-irradiation, at 30 Gy. UV-B irradiation on monocytes tended to increase expression of HLA-DR. Again, the expression of HLA-DR was less affected with y-irradiation.
We tested the viability of monocytes at 24 hours after UV-B irradiation by trypan blue exclusion method. Cells irradiated with 1,000 J/m2 UV-B light showed more than 80% of viability.
Effect of UV-B irradiation on inducible expression 4
CD80 and CD86 on monocytes. It has been shown that IFN-y is the most effective stimulus for CD80 induction in monocytes.43 Similarly, constitutive expression of CD86 on monocytes is further augmented by IFN-y treatment as described previou~ly.'~ We examined the effect of UV-B irradiation on the inducible expression of these costimulatory molecules using IFF-y as an activator. Freshly isolated monocytes were irradiated with increasing doses and subsequently treated with IFN-y for 24 hours. Figure 5 shows the result of flow cytometric analysis. IFN-y markedly increased the expression of CD80, CD86, CD.54, and HLA-DR, which confirmed the findings of previous report^.*^.^^ The upregulation of these molecules by this cytokine was dose-dependently inhibited with UV-B irradiation. Again, IFN-y-induced upregulation of these molecules was less affected by y-irradiation at 30 Gy.
Although IFN-y is known to be produced by activated T cells as described p r e v i~u s l y ,~~ IFN-y, however, may not be the first inducer of a functional CD80 and CD86 expression because Tan et a14' reported that the production of IFN-y by T cells requires CD28 signalling. Therefore, we examined whether UV-B irradiation could inhibit the inducible expression of CD80 and CD86 on monocytes following allogeneic MLR. Freshly isolated monocytes were irradiated with in-
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Log Fluorescence Intensity creasing doses and subsequently mixed with purified T cells. Figure 6 shows the result of flow cytometric analysis at 1 day of MLR. The increasing doses of UV-B irradiation on monocytes before MLR gradually decreased the percentage of positive cells expressing CD80, CD86, and CD54. The fluorescence intensity of HLA-DR was also gradually decreased by increasing doses of UV-B irradiation on monocytes. On the other hand, the upregulation of these molecules on monocytes following MLR was less affected by y-irradiation. Thus, UV-B irradiation on monocytes inhibited the MLR-triggered upregulation of CD80, CD86, CD54, and HLA-DR expression on monocytes.
Effect of anti-CD28 MoAb on IL-2 mRNA expression in PBMCs stimulated with UV-B-irradiated monocytes. Costimulatory signals through CD28 pathway have been reported to involve mRNA expression of IL-2, as well as other cytokines, in T cells. Inhibition of the costimulatory signals through CD28 pathway would lead to the reduced expression of IL-2 mRNA in T cells. Therefore, we examined the levels of IL-2 mRNA exptession in PBMCs stimulated with UV-B-irradiated monocytes and also tested whether anti-CD28 MoAb that is known to mimic the signals provided by CD28 ligands on could affect IL-2 mRNA expression. Monocytes were irradiated with UV-B at various doses and then cultured with PBMCs derived from a different donor. After a 20-hour incubation, total RNA was extracted and the level of IL-2 mRNA expression was assessed by semiquantitative RT-PCR. UV-B irradiation of monocytes clearly inhibited IL-2 mRNA expression in a dose-dependent manner (Fig 7, lanes 1-4) . On the other hand, when anti-CD28 MoAb (TN228) was added at the start of MLR, the reduction of IL-2 rnRNA expression due to UV-B irradiation onto the stimulator monocytes was much less (Fig 7, lanes 6-9) . The significant expression of L -2 mRNA could be observed even at 1,000 J/m2 irradiation (lane 9). The addition of anti-CD28 MoAb to the responder cells did not induce IL-2 mRNA expression without the stimulation by monocytes (lane 10).
DISCUSSION
The notion that suppression of costimulatory activity by UV-B irradiation might be related to W -B effects on APCs has been suggested by several investigators based on the following circumstantial observations: (1) UV-B-exposed APCs still display major histocompatibility complex (MHC) molecules on their (2) T cells stimulated with UV-B-exposed APCs show membrane IL-2 receptor expression, but fail to produce IL-2.35 (3) Exogenous addition of L -2 to MLR stimulated with UV-B-exposed APCs can at least partially restore lymphocyte p r~l i f e r a t i o n .~~~~~,~' (4) The activation of stimulator lymphocytes before UV-B irradiation overcomes the UV-B effect.48 The UV-B-sensitive costimulatory activity for T cells was first identified by Krutmann et al." They showed that the downregulation of CD54 accounts for the inability of UV-B-irradiated monocytes to induce OKT-3-driven T-cell proliferation. As APCs express several costimulatory molecules besides CD54, it is possible that other UV-B-sensitive costimulatory molecules could additionally contribute to the inactivation of APC functions.
CD28 ligands CD80 and CD86 have been recognized as particularly important molecules, because the interaction of CD28 ligands and CD28 on T cells is the only one known to costimulate T-cell proliferation by a direct effect on L 2 gene transcription and produ~tion.~~,~' We previously showed that monocytes express CD86 constitutively with a much lower level of CD80, and both ligands are further upregulated on monocytes within 24 hours after exposure to IFW y. 24 It appears that CD86 on monocytes plays an essential role as a costimulatory molecule for T-cell proliferation.
Our data showed that the anti-CD86 MoAb greatly inhibited monocyte-stimulated MLR, whereas with anti-CD80 MoAb, there was minimal inhibition. Recently, studies using transfectants expressing either CD80 or CD8640 showed that both CD80 and CD86 provide similar costimulatory signals for T-cell proliferation. Therefore, the difference of efficacy between anti-CD86 MoAb and anti-CD80 MoAb for inhibition of T-cell proliferation may correspond to the differential expression of CD86 and CD80 on resting monocytes.
The observation that the expression of CD86 is further augmented and that expression of CD80 is induced on monocytes during monocyte-stimulated allogeneic MLR is of particular interest. Upregulation of CD80 is also shown in dendritic cells after binding of alloreactive T lymphocytes in cultured aggregates." While constitutive expression of CD86 may trigger an initial immune response, the subsequent upregulation of CD86 and CD80 could play an important role, particularly to amplify the initial response. In this regard, it is conceivable that the impairment of upregulation of costimulatory molecules due to UV-B irradiation could lead to the inhibition of T-cell proliferation in allogeneic MLR. Recently, Young et evaluated the sensitivity of human blood dendritic cells to UV-B irradiation. They showed that UV-B irradiation of dendritic cells dose-dependently prevented the upregulation of CD80 and CD54 after alloreactive T-cell binding, but did not affect cluster formation between dendritic cells and T cells during the first l to 2 days of allogeneic MLR. From these observations, the authors presumed that the failure of UV-B-irradiated dendritic cells to upregulate CD80 in allogeneic MLR contributed to the abolition of T-cell proliferation in MLR. However, they did not investigate the involvement of CD86 in UV-B-induced inhibition of T-cell proliferation.
In this study, we have focused on the effects of UV-B irradiation against expression of CD86 and CD80 on monocytes at the constitutive and the inducible level. We found that the constitutive surface expression of CD86 on monocytes was relatively unaffected by 24 hours following UV-B exposure, whereas that of CD54 was markedly impaired by UV-B irradiation. The relatively constant level of CD86 protein following UV-B exposure is likely due to its high expression and a slow turnover rate of the antigen in monocytes. Relatively stable expression after UV-B exposure was also seen in HLA-DR; in fact, the expression of this molecule was increased at 24 hours after UV-B exposure. Deeg et al'" showed that there was a slight increase in the expression of HLA-DR for the first few hours following UV-B irradiation, although surface expression of HLA-DR remained the same by 24 hours, with a moderate decline by 48 to 72 hours. They also noted that HLA-DP and DQ were more sensitive than DR to UV-B irradiation.
The inducible expression of CD86 and CD80 on monocytes, on the other hand, was much susceptible to UV-B irradiation. UV-B irradiation inhibited the upregulation of CD86 and CD80 on monocytes by allogeneic MLR, as well as the treatment with IFN-y. Although UV-B inhibited the upregulation of both ligands for CD28 following MLR, the impairment of inducible CD86 expression may be more relevant to the reduced MLR response following UV-B irradiation than that of B7. Because our study using anti-CD86 MoAb and/or anti-CD80 MoAb (Fig 2) showed that CD86 appeared to exert more prominent roles on monocyte-stimulated MLR than CD80. At present, the mechanism by which MLR induces upregulation of CD86 and CD80 on monocytes is not clear. Although IFN-y, a potent inducer of both CD86 and CD80 on monocytes, is known to be produced from activated T-cells,44 the primary role of this cytokine to upregulate CD86 and CD80 may be limited because the production of this cytokine from T cells occurs after an initial response. In fact, Tan et a14' reported that the production of IFN-y from T cells required the signaling of CD28 pathway. Alternatively, the upregulation of CD80 has been shown to occur as a consequence of specific engagement between the TCWCD3 complex and peptide/MHC products, possibly through a cyclic adenosine monophosphate-dependent protein kinase pathway.".s3 Further studies are needed to elucidate how UV-B irradiation inhibits the MLR-induced upregulation of these costimulatory molecules.
We have also demonstrated that the marked reduction of For personal use only. on October 23, 2017. by guest www.bloodjournal.org From IL-2 mRNA expression in PBMCs stimulated by UV-Birradiated monocytes at 1,000 J/m2 can be at least partially prevented by the addition of an anti-CD28 MoAb. Similarly, the addition of this MoAb partially prevented the inhibition of T-cell proliferation when stimulated with UV-B-irradiated monocytes (data not shown). The cross-linking of CD28 with the anti-CD28 MoAb provides mitogenic signals for T cells when employed in combination with TCR-CD3 stimul a t i~n .~~'~' This was also the case in the present study, as the addition of the anti-CD28 MoAb to PBMCs without the stimulator cells did not induce IL-2 mRNA expression (Fig  7, lane 10) . Given this observation, our results showed that the recognition of TCR-CD3 and alloMHC on UV-B-irradiated monocytes was relatively intact even at high doses of UV-B irradiation, as T cells did produce IL-2 mRNA following the addition to the culture of the anti-CD28 MoAb. Our results also suggested that the costimulatory signal through the CD28 pathway derived from the contact of UV-B-irradiated monocytes and allogeneic T cells was not sufficient for IL-2 mRNA expression. As mentioned above, the constitutive expression of CD86 was relatively unaffected at 24 hours, even at 1,000 J/mz of UV-B, which effectively caused inhibition of MLR. Therefore, the insufficient costimulatory signal through the CD28 pathway may indicate that UV-B exposure impaired the functionally important epitopes of CD86 necessary for proper interaction with CD28. It is also possible to speculate that UV-B irradiation may affect the mobility of CD86 on monocytes, leading to a decrease in avidity of this antigen. We previously showed that UV-B irradiation negatively affects the mobility of surface antigens such as CD54, HLA-class I, and DR on B-lymphoma cell lines, resulting in reduced cell adhesion to alloreactive Tcell c10nes.l~ The other possibility is that the constitutively expressed CD86 on UV-B-irradiated monocytes somehow triggers an initial response, but the lack of upregulation of CD86 and CD80 due to UV-B exposure cannot amplify the initial response to lead to sufficient expression of IL-2 mRNA. Further analysis is necessary to verify which, if any of these possibilities, account for the phenomenon.
The susceptibility of constitutive and inducible expression of CD54 following UV-B exposure (Figs 4 through 6) is well in agreement with the data of other investigations on monocytes" and dendritic cells. 35 We also observed that UV-B irradiation prevented the upregulation of HLA-DR expression triggered by allogeneic MLR or IFN-y treatment. Thus, the decrease of inducible expression of CD86 and CD80 is not a unique feature following UV-B exposure, and this probably accounts for the inability of the anti-CD28 MoAb to completely prevent the reduction of IL-2 mRNA in allogeneic MLR following UV-B irradiation.
In conclusion, we demonstrated that exposure of monocytes to UV-B inhibited the upregulation of CD86 and CD80 by allogeneic MLR, as well as the activation of IFN-y, and that the addition of an anti-CD28 MoAb at least partially prevented the reduction of IL-2 mRNA expression in allogeneic MLR due to W -B exposure. These results suggest that the impairment of newly identified CD86, as well as CD80, antigens following UV-B irradiation of monocytes may contribute to the inactivation of allogenecity of monocytes. 
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